population-based National Health and Nutrition Examination Surveys (NHANES) linked to DNA samples (NHANES III, n = 7,159; NHANES 1999 NHANES -2002. Results: Overall, the distributions of billing and diagnostic codes suggest this clinical sample is a mixture of healthy and sick patients like that expected for a contemporary American population. Conclusion: Little bias is observed among health metrics, suggesting this clinical collection is suitable for genomic studies along with traditional epidemiologic cohorts.
2 diabetes [5] and hypertension [6] , but with few exceptions such as familial forms of breast cancer [7] , the study design failed to identify the responsible genes.
It is now well-appreciated that diseases common in an outbred population do not follow Mendelian patterns of inheritance in families and are influenced by common and rare genetic variants across multiple genes and environmental exposures. Given that multiple genetic variants are expected to influence risk of disease, each variant is expected to confer a small genetic effect size. The genetic association study design, now often conducted as case-control genome-wide association studies (GWAS), has been extremely successful in the last few years identifying genetic variants associated with common disease. To date [8] , 2,006 GWAS have been performed and cataloged by the National Human Genome Research Institute's GWAS Catalog [9, 10] .
The ultimate goals of identifying genetic variants that influence disease risk or human traits include the desire to better understand basic biology, which may lead to the development of clinical advances and personalized medicine [11] . While early GWAS have established the trail from genetic discovery to clinical translation, most studied diseases do not yet have the complete catalogue of susceptibility variants. Indeed, contemporary GWAS such as the recent anthropometry and lipid studies [12] [13] [14] [15] [16] require hundreds of thousands of samples to detect common and less common susceptibility alleles. Large sample sizes are also needed to identify complex gene-gene and gene-environment interactions [17] . For gene-environment interactions studies, large cohort studies are preferred to establish a temporal relationship between exposure and outcomes.
The United States currently do not have a national prospective population-based study linked to DNA samples. While some have made the case for the establishment for a national cohort study [18] , others have argued this endeavor is too costly and unnecessary given the availability of already established cohorts with DNA samples [19] . Cohorts such as the Women's Health Initiative [20] , the Coronary Artery Risk DIsease in young Adults (CARDIA) [21] , and the Cardiovascular Health Study (CHS) [22] have provided valuable opportunities to contribute towards GWAS; however, most prospective studies available for genomic studies are based on specific outcomes such as common cancers or cardiovascular disease. Also, most of these studies ascertain participants based on specific demographic characteristics [23] such as postmenopausal women in the Women's Health Initiative.
The prospective cohort study is the preferred study design for a variety of genetic epidemiologic experiments [17] , but the need to better represent all Americans across a wide range of outcomes in a cost-effective manner requires alternative models of data acquisition. One such model is the biorepository linked to electronic medical records (EMRs) [24] . With feasibility driven in part by the Health Information Technology for Economic and Clinical Health (HITECH) Act as part of the American Recovery and Reinvestment Act (ARRA), several medical centers have begun the process of collecting DNA samples from patients to conduct genetic association studies for outcomes extracted from EMRs. Biorepositories have several advantages over the traditional epidemiologic cohort, including the relative ease of ascertainment, cost, potential size, and the potential for immediate clinical translation of findings [24] . Biorepositories, however, are not without challenges in both implementation and downstream analysis, as evolving ethical issues for consent [25] [26] [27] , privacy [28] , and return of research results [29, 30] become more apparent.
Biorepositories linked to EMRs also have the potential for bias. It is often assumed and some data suggest [31, 32] that the dense clinical data available for patients in the biorepository represent only the sickest of patients, and these data may not be generalizable to a larger population. This bias is of particular concern for meta-analyses that include a mix of clinical and traditional epidemiologic collections. With this backdrop, we present here a clinical collection of almost 16,000 non-European Americans linked to de-identified EMRs for genomic studies. We describe the demographics of this dataset and explore the potential bias of the available outcome data. Overall, we demonstrate that large biorepositories can mimic population-based prospective epidemiologic studies primed for genomic discovery.
Methods

Study Population
The study population described here was derived from BioVU, the Vanderbilt University Medical Center (VUMC) biorepository linked to de-identified EMRs. The establishment of this opt-out clinical collection, including ethical and legal issues, has been detailed elsewhere [25, 33] . In brief, DNA is extracted from discarded blood drawn for routine clinical care in an outpatient setting. DNA collection on adult and pediatric patients began in 2007 and 2010, respectively.
DNA samples are linked to a de-identified version of the EMR termed the Synthetic Derivative (SD). The VUMC SD contains approximately 20 years of clinical data representing >2.1 million patients of which approximately 1 million have detailed longitudinal data. The SD is generated and refreshed routinely using a cryptographic (one-way) hash function known as the secure hash algorithm 512 [34] 139 tion allows the input data (e.g., a patient's medical record number) to be converted to a message digest or digest (e.g., a 128-character research unique identifier). The resulting research unique identifier is unique to the input and links the EMR data through time. In computer science, it is well-understood that one-way hashes are easy to compute for each input but hard to invert. The de-identification process applied to the SD also removes protected health information and randomly shifts dates in the EMR by up to 364 days backwards (but consistently within a patient's record). Data contained within the SD are considered limited datasets as defined by the Health Insurance Portability and Accountability Act (HIPAA) and are in accordance with provisions of Title 45, Code of Federal Regulations, part 46 (45 CFR 46) that define criteria for 'non-human subjects' research [33] .
The specific population described here was selected for and genotyped on the Illumina Metabochip [35, 36] for the Epidemiologic Architecture for Genes Linked to Environment (EAGLE) study, a study site of the larger Population Architecture using Genomics and Epidemiology (PAGE) I study [37] . The PAGE I study, supported by the National Human Genome Research Institute (NHGRI) at the National Institutes of Health (NIH), sought to characterize European-identified genetic associations in diverse populations for various common human diseases and traits [37] . All BioVU DNA samples from non-European Americans as of 2011 (n = 15,863) were selected for genotyping and are described and referred to here as 'EAGLE BioVU'. Race/ethnicity in BioVU is third-party or administratively assigned information, and previous work has suggested a high concordance between administratively assigned race/ethnicity and genetic ancestry for European and African Americans [38, 39] . However, a reduced concordance between administratively assigned race/ethnicity and genetic ancestry has been documented for Hispanics and other groups in BioVU [39] .
We also accessed data from the epidemiologic National Health and Nutrition Examination Surveys (NHANES). NHANES are cross-sectional surveys conducted by the National Center for Health Statistics (NCHS) at the Centers for Disease Control and Prevention (CDC). Each NHANES cycle collects populationbased data on Americans regardless of health status including demographics, health, and lifestyle data. Race/ethnicity is self-identified in NHANES and includes the following categories: non-Hispanic white, non-Hispanic black, Mexican American, and other. DNA was collected during phase 2 of NHANES III (1991-1994; n = 7,159) and NHANES 1999-2002 (n = 7,839) and is collectively referred to here as 'Genetic NHANES.' Serum high-density lipoprotein cholesterol (HDL-C), triglycerides, and total cholesterol were measured in NHANES using standard enzymatic methods. Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald equation, with missing values assigned for samples with triglyceride levels >400 mg/dl. Plasma glucose was measured using standardized procedures as described by the NHANES III reference manuals [40] . Serum insulin was measured by radioimmunoassay, and glycated hemoglobin (HbA1c) was measured as the percentage of all subfractions of HbA1 using high performance liquid chromatography [40] . Body mass index (BMI) was calculated from height and weight measured in the Mobile Examination Center by CDC medical personnel.
All procedures were approved by the CDC Ethics Review Board, and written informed consent was obtained from all participants. Because no identifying information was accessed by the investigators, Vanderbilt University's Institutional Review Board determined that this study met the criteria of 'non-human subjects'. Data presented here represent epidemiologic data from Genetic NHANES III and 1999-2002. Analyses were conducted using SAS v9.2 (SAS Institute, Cary, N.C., USA).
Electronic Phenotyping
EMRs contain structured codes [International Classification of Diseases or ICD-9 (billing) codes and current procedural terminology (procedure) codes]; clinical laboratory test results, semistructured, and unstructured (clinical notes) data, all of which can be used for electronic phenotyping. The data types currently available in the SD that can be accessed for electronic phenotyping include narratives (such as clinical notes, discharge summaries, history and physicals, problem lists, surgical reports, progress notes, and letters), ICD-9 codes, current procedural terminology codes, forms (intake, assessment), reports (pathology, electrocardiograms, and echocardiograms), clinical communications, laboratory values and vital signs, medication orders, TraceMaster (electrocardiograms), and the tumor registry [41] .
Electronic phenotyping has been previously described for BMI in EAGLE BioVU [42] . To extract lipid and type 2 diabetes traits from EAGLE BioVU EMRs, laboratory measurements were queried for glucose, HbA1c, HDL-C, insulin, LDL-C, total cholesterol, and triglycerides. Records were also queried for calculated LDL-C. Prescription medication is available in the SD through MedEx [43] , an algorithm that extracts medications and their signature mentions from free-text entries available in the EMRs.
For each adult patient (>18 years), median values were calculated for: (a) measurements taken when no medications are prescribed ('pre-medication' values) and (b) measurements taken at first mention of medication and after the mention of medication ('post-medication' values). We used the following medication classes and lists to identify lipid measurements determined at the time or after patients were prescribed lipid-lowering medications:
• Statins [also known as HMG CoA reductase inhibitors, ator- • Niacin. ( table 1 ) . The overrepresentation of older adults in BioVU is consistent with the fact that BioVU draws samples from a clinical population, as an older age group tends to access health care more often than younger adults. Also, according to the 2011 National Health Interview Survey conducted by the CDC [44] , Hispanics were least likely to visit a health care provider compared with European Americans and African Americans, and this national trend is reflected somewhat in BioVU. The lower racial/ ethnic diversity observed in BioVU compared with Davidson County may also be explained by the fact that VUMC serves other less diverse Middle Tennessee counties as well as southern Kentucky and northern Alabama. Given that patient location is de-identified in the SD, it is difficult to distinguish amongst these possibilities.
Results
Demographics
Overall, non-European American patients tend to be younger female adults, and these demographics are similar to non-European Americans ascertained by CDC for NHANES III (1991 III ( -1994 III ( ), 1999 III ( -2000 III ( , and 2001 III ( -2002 ( table 2 ) . The majority of DNA samples in EAGLE Bio-VU (genotyped on the Metabochip) are from African Americans (73%) followed by Hispanics ( ∼ 11%). In the 2010 US Census, more than half of the Hispanic population in Davidson County was Mexican (61%) or 'other' Hispanic (31%). In comparison, data mining of EAGLE BioVU clinical notes suggests that 55.9% of all DNA samples are from Mexican patients followed by patients from Honduras (10.3%), Guatemala (9.6%), Cuba (3.7%), Peru (2.7%), Ecuador (2.5%), and Nicaragua (2.5%) [45] .
Distribution of Diagnostic and Billing Codes
An important concern associated with the use of DNA samples and data collected in the clinic is whether or not the patients and phenotypes are more extreme compared with participants and health data collected from the general population, as this could pose challenges in harmonizing phenotypic data with other epidemiologic collections. Indeed, groups of DNA samples and clinical data collected from specific medical specialties or clinics will be biased towards extreme phenotypes. For example, if EAGLE BioVU were limited to DNA samples from patients visiting the bariatric clinic (Vanderbilt Center for Surgical Weight Loss), the median and range of BMI values would be higher and not representative of a general population in Tennessee and the United States. EAGLE BioVU did not select patients and DNA samples that represent specialty clinics or specific types of clinic visits. DNA samples collected for BioVU as a whole are in fact collected from a variety of outpatient clinic visits and are not collected during inpatient visits (although the EMRs will contain health data from inpatient visits). The EAGLE BioVU clinical data represent on average (± standard deviation) 81.8 (± 107.8) clinic visits per patient (range: 1-1,456 clinic visits/patient). The average patient has 147.3 (± 230.4) ICD-9 codes (range: 1-3,617).
Characterization of the extensive EAGLE BioVU data suggest that the health status for the majority of the patient population with DNA samples is similar to that reported for the general population of the United States. For example, the three most commonly mentioned ICD-9 codes among African-American adults in EAGLE Bio-VU include hypertension (401.9 and 401.1), type 2 diabetes (250), and end-stage renal disease (585.6). These conditions are known to be prevalent in African Americans, and their frequency in EAGLE BioVU is consistent with data from NHANES and other national surveys, where almost 40 and 20% of non-Hispanic black participants are hypertensive [46] and/or have type 2 diabetes [47] , re- [48, 49] . Rounding out the most frequent billing codes in African-American adults are sequestrectomy (77), long-term current use of other medications (v58.69), other malaise/fatigue (780.79), chest pain (786.5), heart failure (428), and kidney transplant (v42.0). In contrast, the three most commonly mentioned ICD-9 codes among Hispanic adults include sequestrectomy (77), supervision of other normal pregnancy (v22.1, typically coded for a second or subsequent pregnancy associated with routine outpatient prenatal visits when no complications are present), and end-stage renal disease (585.6). Among Asian adults, the three most commonly mentioned ICD-9 codes include supervision of other normal pregnancy (v22.1), hypertension (401.9, 401.1), and long-term current use of other medications (v58.69). The high rate of end-stage renal disease in this Hispanic population is consistent with the known high prevalence of type 2 diabetes in this population (250; the sixth most common code in this sample of Hispanic adults). Other common billing codes observed for Hispanic adults include outcome of delivery; single liveborn (v27.0); unknown, default (000.00); supervision of normal first pregnancy (v22.0), and long-term current use of other medications (v58.69). For Asian adults, the other common billing codes include diabetes mellitus (250), routine general medical examination at a health care facility (v70.0), kidney transplant (v42.0), sequestrectomy (77), supervision of normal first pregnancy (v22.0), and mixed hyperlipidemia. The common codes among Hispanic and Asian adults, such as the pregnancy codes, suggest that this sample of Hispanics and Asians is relatively speaking as healthy as individuals ascertained in a general population setting.
As expected, the distribution of billing codes differs in the pediatric population of EAGLE BioVU compared with the adult population. The code for routine infant or child health check (v20.2) is the most frequent code mentioned for both African-American and Hispanic pediatric populations, and it is the second most frequent code mentioned for Asian pediatric populations in EAGLE BioVU. Of note is the code for acute lymphoid leukemia, in remission (204.01). Code 204.01 is the second most common code among Hispanic children and the sixth most common code for African-American children. Thus, the children in EAGLE BioVU represent a complex mix of healthy and sick children, not unexpected, given that samples come from both outpatient settings as well as the Monroe Carell Jr. Children's Hospital at Vanderbilt [25] . Other frequently mentioned codes among pediatric patients in EAGLE BioVU include fever and other physiologic disturbances of temperature regulation (780.6), as might be expected for this age range.
The ten most frequent codes mentioned for AfricanAmerican children included routine infant or child health check (v20.2); Hb-SS disease without crisis (282.61); fever and other physiologic disturbances of temperature regulation (780.6); asthma, unspecified (493.9); incision, excision, and division of other bones (77); acute lymphoid leukemia, in remission (204.01); BMI and lipid levels were extracted from the laboratory records in the EMRs for adults >18 years of age as described in Methods. For patients with multiple laboratory records, the median was calculated, and an overall median of the values is presented here for the patient population stratified by administratively assigned race/ethnicity.
Age was extracted for each patient as age of the first clinic visit. Sample size shown represents maximum sample size regardless of age. Genetic NHANES represents data from participants ascertained between 1991 -1994 and 1999 -2002 , who consented to providing a biologic sample for genetic studies. Data presented here for Genetic NHANES are for adults >18 years of age.
Crawford et al. unknown, default (000.000); other convulsions (780.39); acute respiratory infections of unspecified site (465.9), and ADHD (314.01). For Hispanic children, the most common billing codes included routine infant or child health check (v20.2); acute lymphoid leukemia, in remission (204.01); fever and other physiologic disturbances of temperature regulation (780.6); delayed milestones (783.42); unknown, default (000.00); anemia, unspecified (285.9); incision, excision, and division of other bones (77); acute upper respiratory infections of unspecified site (465.9), and other convulsions (780.39). Finally, for Asian children, the ten most common billing codes include acute lymphoid leukemia, in remission (204.01); routine infant or child health check (v20.2); fever and other physiologic disturbances of temperature regulation (780.6); esophagomyotomy (v42.7); unknown, default (000.000); lymphoid leukemia (204); encounter for antineoplastic chemotherapy (v58.11); anemia, unspecified (285.9); incision, excision, and division of other bones (77), and feeding difficulties and mismanagement (783.3).
Other Health Metrics
To further assess the potential for bias, we compared the commonly measured health metrics BMI and lipid traits (HDL-C, LDL-C, and triglycerides) between the nationally representative NHANES to EAGLE BioVU ( table 2 ) . On average, African-Americans and Hispanics from EAGLE BioVU as well as non-Hispanic blacks and Mexican Americans from Genetic NHANES are overweight (median BMI ≥25; table 2). When restricted to adults with lipid traits available, African-Americans from EAGLE BioVU on average are obese (median BMI >30) compared with non-Hispanic blacks from Genetic NHANES (median BMI 27.14), whereas Hispanics from EAGLE BioVU have a comparable median BMI (27.99) compared with Mexican Americans from Genetic NHANES (27.10). The high rate of overweight and obesity among EAGLE BioVU African-Americans presumably from the Nashville and surrounding area is consistent with the high rates of obesity observed among African-Americans (particularly women) from the southeastern United States compared with other groups and states [50, 51] . Genetic NHANES is cross-sectional and contains data from 1991 to 1994 (NHANES III), when obesity rates were lower overall compared with more contemporary obesity trends [52, 53] .
Among lipid traits, HDL-C is similar between the clinical and epidemiologic collections for both African Americans and Hispanics. Triglyceride levels are higher among African Americans from EAGLE BioVU (median = 98 mg/dl) compared with non-Hispanic blacks from Genetic NHANES (median = 87 mg/dl) but similar between Hispanics (121 mg/dl) and Mexican Americans (125 mg/ dl) from the two collections. Of the three lipid traits, median LDL-C levels are lower in the clinical collection (medians = 99 and 101 mg/dl) compared with the epidemiologic collection (medians = 116 and 118 mg/dl) for both African Americans and Hispanics, respectively. When stratified by usage of lipid-lowering medication, overall EAGLE BioVU median LDL-C pre-medication levels (105 ± 38.9 mg/dl) are more similar to Genetic NHANES compared with median post-medication levels (96 ± 38.6 mg/dl).
To further compare EAGLE BioVU to NHANES, we extracted laboratory measures used to monitor the development and control of type 2 diabetes: glucose, insulin, and HbA1c. Overall, both mean and median glucose levels are higher among both African-American and Hispanic men and women compared with NHANES ( table 3 ). HbA1c levels are also on average higher in both sexes of EAGLE BioVU compared with NHANES ( table 3 ). Too few EAGLE BioVU samples had insulin levels to make meaningful comparisons with NHANES.
Discussion
The data presented here suggest that large biorepositories linked to clinical data can mimic traditional epidemiologic collections. More specifically, we demonstrated that EAGLE BioVU, a clinical collection of almost 16,000 non-European descent samples linked to de-identified EMRs is similar to Genetic NHANES, a population-based survey of Americans ascertained regardless of health status, for several health metrics such as BMI and lipid levels. We also described the distributions of billing and diagnostic codes for this clinical collection of adult and pediatric patients. Overall, these data suggest that EAGLE BioVU represents a mixture of healthy and diseased patients much like that expected for the contemporary American population.
Much excitement has been generated towards the use of biorepositories given their potential for cost-effectiveness and large sample sizes compared with the ascertainment and maintenance of traditional epidemiologic collections [24] . However, secondary use of existing data such as that collected primarily for clinical use is not without problems and potential biases. Indeed, Weiskopf et al. [32] have suggested that EMRs are non-randomly com- plete and that the densest data are associated with the sickest patients. Furthermore, Rusanov et al. [31] have suggested that algorithms requiring sufficient laboratory results and medication orders in a patient's EMR for study subject selection result in a biased or sicker collection of patients compared with patients not selected for study.
Indeed, EMRs are fraught with limitations when applied in a research setting, including data quality, missing data, and bias [24] . EAGLE BioVU does not seem to display the biased qualities observed in other datasets. In addition to the data presented here, PAGE I studies suggest that genetic effect size estimates generated from the clinical resource BioVU are not different to those calculated from epidemiologic data [54, 55] . Formal tests of heterogeneity have been performed across PAGE I study sites for meta-analyses of various cancers [56] [57] [58] [59] [60] , and, to date, only one PAGE I study of multiple primary cancers has demonstrated significant heterogeneity or bias [61] likely resulting from survival bias for incident and prevalent cancer data in BioVU (where DNA samples are available only for patients who survived between 2007 and the present). Recently, we have also compared cardiac structure and function data extracted from AfricanAmerican patients in EAGLE BioVU with epidemiologic data collected by Jackson Heart Study and the Atherosclerosis Risk in Communities Study [62] . These data suggest that the data extracted from the clinical EAGLE BioVU for African Americans is comparable in both sample size and distributions for these measures of cardiac structure and function [62] . Similar comparable results were observed between EAGLE BioVU-extracted ages at menopause and menarche compared with NHANES [63] .
The potential for bias lurking in biorepositories linked to EMRs extends beyond genomic discovery. As research moves from discovery to clinical translation [64] , clinical data is being explored for other research applications such as comparative effectiveness research with an emphasis on genomic testing. The lack of such data to support clinical applications has been extensively documented (for example Malinowski and Naylor [65] ); neverthe- less, genomic testing in the clinic is on the rise [66, 67] , prompting contemporary cost-effective studies of clinical utility and validity given the expense and time required for gold standard randomized clinical trials and well-designed longitudinal cohort studies [68] . Biorepositories linked to extensive longitudinal EMRs may provide the much needed data to bridge the evidence gap for these genomic tests in a real-life clinical setting. However, much like its use in genomic research, the use of EMRs for comparative effectiveness research is limited to the data quality, completeness, and bias inherent in clinical and billing practices [69] and should be used with the appropriate caution.
The present study has both limitations and strengths. This comparison between EAGLE BioVU and Genetic NHANES is limited to select demographic variables (age, sex, and race/ethnicity) and health metrics (BMI, lipid traits, and type 2 diabetes-associated traits). The selection of variables for comparison was driven, in part, by the overlap between variables available in NHANES and high-quality outcomes and risk factors extracted from EAGLE BioVU. NHANES contains hundreds of laboratory and environmental measures (e.g., inflammation markers, C-reactive protein [70] , and fibrinogen [71, 72] ) not routinely ordered in a clinical setting. Conversely, EAGLE BioVU contains hundreds of clinically documented (as opposed to self-reported) outcomes in greater numbers given the older average age compared with NHANES (e.g., myocardial infarction). For overlapping variables with sufficient counts, it is possible that more extensive comparisons will uncover major differences between the clinical and epidemiologic collections. Indeed, we observed even at this cursory level higher HbA1c and glucose levels in EAGLE BioVU compared with Genetic NHANES. This observed difference in type 2 diabetes surveillance laboratory records may be due to a complex mix of age and other risk factor differences between the two data collections. Using the electronic MEdical Records and GEnomics (eMERGE) Network type 2 diabetes algorithm [73] , we identified 1,672 and 101 potential cases of type 2 diabetes in EAGLE BioVU representing 14.5 and 6% of African Americans and Hispanics, respectively. In contrast, only 7.4% of non-Hispanic blacks in Genetic NHANES have type 2 diabetes, while 8.5% of Mexican Americans in Genetic NHANES have type 2 diabetes [74] . The higher proportion of type 2 diabetes cases among African Americans in EAGLE BioVU can explain, in part, the higher HbA1c levels compared with Genetic NHANES; however, the reciprocal relationship between the clinical and epidemiologic studies for Hispanics/Mexican Americans is more complex. Another limitation of the present study is the fact that the analyses performed in Genetics NHANES were not weighted for survey design, consistent with our previous analyses and meta-analyses with PAGE I studies (e.g., Dumitrescu et al. [75] ).
Despite these limitations, there are several strengths. EAGLE BioVU is a relatively large collection of nonEuropean Americans and promises to add towards genomic discovery in relatively understudied minority populations in the United States. EAGLE BioVU patients were selected for study based on a single variable: race/ethnicity. This broad selection process coupled with the lengthy EMR history (dating more than 20 years for some patients in BioVU) most likely contributed to the unbiased features of this dataset compared with previously published datasets extracted from the EMRs [31, 32, 76] .
Conclusions
Alternative models of data collection for genomic studies have highlighted the potential uses of EMRs in genomic discovery and genomic medicine settings. Previous studies revealing problems related to data quality, completeness, and bias, however, have tempered the excitement surrounding the use of EMRs in replacing or augmenting traditional epidemiologic collections. We described here a diverse clinical cohort for genomic studies and made comparisons with a nationally representative cross-sectional study. Collectively, these data suggest that EAGLE BioVU is essentially a random sample of the general population, making this resource more than comparable to traditional epidemiologic collections at least in the context of genetic association studies.
